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(57) ABSTRACT 

System for measuring layer thicknesses of a multi-layer pipe 
by measuring With a detector array (2) the attenuation of an 
X-ray transmitted though the pipe. According to the inven 
tion the detector array (2) comprises an array of detector 
elements D1, D2, D3, D4 With a collimator for de?ning the 
?eld of radiation in front of each detector element. The 
collimator has a narroW diaphragm aperture setting the 
resolution When the position of the pipe Walls is to be 
determined. The de?ned ?eld of radiation has an extent 
suf?cient to radiate the four detector elements D1, D2, D3, D4 
in parallel. In a suitable signal processing of the output 
signals from the detector elements D1, D2, D3, D4, eg by 
using the method of least squares, the thicknesses of the 
different layers may be fairly accurately determined. 

7 Claims, 8 Drawing Sheets 
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SYSTEM AND METHOD FOR THE 
MEASUREMENT OF THE LAYER 

THICKNESS OF A MULTI-LAYER PIPE 

TECHNICAL FIELD 

The invention relates to a system for the measurement the 
layer thicknesses of a multi-layer pipe by measuring With a 
detector array the attenuation of an X-ray transmitted 
through the pipe. 

BACKGROUND ART 

A system for examining plastic pipes by means of an 
X-ray transmitted through the pipe is knoWn from EP 
216.705. This system is, hoWever not able to render a 
su?iciently high resolution. Furthermore it is not possible to 
compensate for pipe ?uctuations (vibrations) occurring dur 
ing such a measurement, eg in connection With an online 
measurement of a through-going pipe. 

DESCRIPTION OF THE INVENTION 

The object of the invention is to provide a system, Which 
in contrast to knoWn systems has a unique resolution as Well 
as such a high sensitivity that an accurate determination of 
the layer thicknesses and/or densities for measuring layer 
thicknesses of pipes is obtained. 

According to the invention a measuring system of the 
above type is characterised in that the detector array com 
prises scintillation counters arranged in pairs With a colli 
mator for de?ning a ?eld of radiation in front of each 
scintillation counter and a thin leaded scintillation disc being 
arranged at the end of each scintillation counter, the pairs of 
the scintillation counters being displaced in relation to other. 
The detector collimator has a narroW diaphragm aperture 
setting the resolution When the positions of the pipe Walls are 
determined. The de?ned ?eld of radiation further extend 
such that all detector elements are radiated parallel to each 
other. At a suitable signal processing of the output signals 
from the adjacent detector elements, the thickness of the 
individual layers may be determined fairly accurately. 

Furthermore according to the invention the collimator 
may have a narroW diaphragm aperture provided in a thin 
plate, eg a tantalum plate being for instance 1 mm thick. 
Each diaphragm aperture in the thin plate may thus have a 
gap Width of about 50 um. One advantage of using a 
tantalum plate is that a comparatively thin plate maybe used, 
While still obtaining su?icient shielding at the same time as 
the thin plate is fairly easily Workable. 

Moreover, according to the invention it is possible to 
compensate for ?uctuations in the pipe’s position at an 
online measurement of the characteristics of the pipe Wall. 

Finally according to the invention the amplitude of the 
pipe vibration may be determined by measuring the devia 
tion betWeen the actual time of detection of a pipe Wall and 
the expected time for detection the same pipe Wall. 

The invention further relates to a method for measuring 
layer thicknesses of a multi-layer pipe by measuring With a 
detector array the attenuation of an X-ray transmitted though 
the pipe. The method is characterised in that the used 
detector array is formed of detector elements arranged in 
pairs With a collimator for de?ning the ?eld of radiation in 
front of each detector element, the layer thicknesses and/or 
the densities of each layer of a multi-layer pipe being 
determined by means of a simulation calculation based on a 
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2 
model, in Which the values of the layer thicknesses and/or 
the densities, respectively, are optimally adjusted. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention is explained in greater detail beloW With 
reference to the accompanying draWings, in Which 

FIG. 1 shoWs a measuring equipment according to the 
invention including an X-ray source and a detector array 
With associated signal analysis means. 

FIG. 2 shoWs the detector array With associated dia 
phragm apertures, 

FIG. 3 shoWs an example of measuring signals from the 
detector array, 

FIG. 4 is a front and a side vieW of a bracket for 
supporting the measuring equipment, 

FIG. 5 is a model of a multi-layer pipe, 
FIG. 6 shoWs the absorption coe?icient as a function of 

the area Weight, and 
FIGS. 7*9 shoWs examples of measured curves. 

BEST MODES FOR CARRYING OUT THE 
INVENTION 

The measuring equipment shoWn in FIG. 1 for measuring 
layer thicknesses of multi-layer pipes by measuring the 
attenuation of an X-ray transmitted through the pipe include 
an X-ray source 1 and a detector array 2 With associated 
signal analysis means for instance in form of a personal 
computer (PC). The detector array 2 is formed of a n-ele 
ment array With a collimator to de?ne the ?eld of radiation 
in front of each detector element. In a speci?c embodiment 
the detector array 2 is formed of four cylindrical scintillation 
counters 6 (confer FIG. 2), a leaded plastic scintillator 4 
being arranged at the end of each of the scintillation counters 
6. When the plastic scintillator 4 is hit by an X-ray, a ?ash 
of light is emitted, Which is ampli?ed by the scintillation 
counter 6 and advanced to a subsequent electronic unit. A0.2 
mm thick leaded plate is arranged on the plastic scintillator 
4, said plate serving as a support for an additional detector 
element such that a pair of detector elements is formed. TWo 
such pairs of detector elements are juxtaposed, one pair, 
hoWever, being slightly longitudinally displaced in relation 
to the other pair by a distance of about 0.5 mm. All of the 
detector elements are arranged in a housing covered by a 
tantalum plate 7 With four diaphragm apertures 8. The 
thickness of the tantalum plate 7 may for instance be 1 mm. 
These diaphragm apertures 8 serve as collimator openings. 
Each collimator opening 8 has a gap Width? SW determining 
the resolution When the position of a pipe Wall is determined. 
In a speci?c embodiment each diaphragm aperture 8 has an 
area of 50 p.m><20 mm. The de?ned ?eld of radiation has an 
extent su?icient to radiate the four detector elements D1, D2, 
D3, D4 parallel to each other. Each detector element has a 
detection e?iciency of 80*100%. 
The space betWeen the collimator openings 8 (the detector 

elements) is denoted SD. 
The detector array 2 and the X-ray source 1 are arranged 

in a frame 3 and scan the pipe being measured at a rate SS. 
The frame 3 is rotatable and displaceable in relation to the 
pipe. All detector elements are read in parallel and at a 
sampling frequency su?iciently high to obtain at least ten 
samplings over a scanning length corresponding to the gap 
Width SW. If the gap Width SW is 0.05 mm and the scanning 
rate SS is 1 mm/sec, a sampling frequency exceeding SS/0.5 
SW:40 samplings/sec. is advantageous. 
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Measurement data are collected from each of the detector 
elements to obtain a total pipe scanning. The inner and outer 
surfaces (inner and outer radiuses) of the pipe Wall are 
primarily determined by means of methods for detecting and 
positioning density transitions, said methods being 
explained beloW. At the time tO (confer FIG. 3) the ?rst 
detector element Dl detects the outer Wall. At the times t1, 
t2 and t3 the same outer pipe Wall is detected by the detector 
elements D2, D3 and D4. The inner Wall of the pipe’s casing 
is detected by the shoWn detector elements at the times t4, t5, 
t6 and t7. The thickness of the pipe Wall is calculated on the 
basis of the deviation betWeen detected positions of the outer 
Wall and the inner Wall. This is rendered as W1, W2, W3, W4 
for the four detector elements D1, D2, D3, D4. The result of 
the four scannings may then be averaged to obtain a more 
statistically correct measurement. In this context the inner 
Wall denotes a local density transition during the transmis 
sion measurements. Correspondingly a local density transi 
tion may be the transition betWeen different layers in the 
pipe Wall of a multi-layer pipe. If the pipe Wall comprises 
several different layers of varying densities, the transitions 
therebetWeen may thus be treated equally in subsequent 
compensation processes. 

First Compensation Process 
The object of the compensation process is to signi?cantly 

improve the resolution, the sensitivity and the signal/noise 
ratio. 

The position for detecting the outer Wall of a pipe is 
compensated for the edge detection signal of each detector 
element such that the intervals betWeen the times t0 and t1, 
t1 and t2, t2 and t3 remain the same. The above is performed 
by adding a time difference (positive or negative) to the 
indicated signals D l . . . D4. The mean value of the pipe Wall 

thickness is then calculated and each curve is expanded or 
compressed on the time axis such that the edge detection 
signal for the pipe inner Wall is positioned at the spot on the 
time axis. The signals for each of the detector elements D1, 
D2, D3, D4 may then be added or averaged to obtain a 
statistically optimised measurement result. 

Second Compensation Process 
The object of the compensation process is to compensate 

for pipe ?uctuations. The compensations are based on a 
measurement of the amplitude values and the time value for 
the edges and a passing of the individual array elements. The 
measurement data are repositioned on the basis of these 
values so as to eliminate in?uences from the pipe ?uctua 
tions. 

The pipe vibration amplitude Va4confer FIG. 3iis 
determined by measuring the deviation betWeen the actual 
time for detecting a pipe Wall and the expected time for 
detecting the same pipe Wall, provided the vibration/?uc 
tuation is equal to Zero. The vibration amplitude is found by 
comparing this difference to the gap Width SW and the 
scanning rate SS amplitude of the vibration. 
The measuring position on the time axis should folloW the 

time intervals of expected pipe edge measurements (mea 
suring frequency or sampling frequency).At each edge n-l 
samplings are rendered, Where n is the number of detector 
elements D1, D2, D3, and D4 in the detector array 2. 

In this context the above measuring frequency is regarded 
as the sampling frequency not to be confused With the 
detection rate of the detectors. 

At a frequency analysis the basic frequency, the amplitude 
and the phase of the pipe’s vibration may be determined by 
means of n-l samplings at each edge (or density transition). 
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4 
At the time t the edge detection signals may subsequently be 
compensated for the vibration of the pipe, Whereby a correct 
radial density pro?le of the pipe Wall is obtained. 

At an online scanning of a plastic pipe comprising several 
layers, the layer thickness, the pipe Wall thicknesses are 
determined as folloWs: 
The measuring principle is based on a recordal of trans 

mitted radiation in an idealised (narroW-collimated) trans 
mission geometry. The scanning is performed radially and 
the measurement data is the position in relation to the radius 
of the object being measured. The measurement data rep 
resents the area Weight of a volume element of the object, 
Which is de?ned by tWo mutually separate chords of the 
circle of the pipe and the distance betWeen the chords 
represents the resolution. The resolution is typically 10 pm 
or 100 measurements per scanned mm. The entire diameter 
of the pipe is scanned, ie for an online determination of the 
diameters of the pipe. 

For determining the layer thickness and thus the separa 
tion betWeen the different layers, the transitions betWeen the 
different material characteristics are to be located, eg 
betWeen tWo different densities and/ or layers transitions With 
attenuation cross sections being different from each other 
With regard to radiation. 

For this purpose a model of a multi-layer pipe has been 
designed4confer FIG. 5. By means of this model a refer 
ence signal is calculated at a given position of the radial 
cross section of the pipe. The centre of the pipe has the 
coordinates 0,0. The reference signal is the radiation inten 
sity I at the detector as a function of the folloWing param 
eters: 

P The position of the pipe’s radius, Where the measurement 
is performed, 

dlid4 The diameters of the different layers of the pipe, 

Dens 1*3 The densities of the different layers. 

p.(Alpha) The mean absorption coef?cient at “loW area 
Weight”, 
u(Beta) The correction absorption coe?icient at “high area 
Weight”, 

The model is illustrated in FIG. 5. 
The signal I is calculated by means of the formula: 

Where I0 is the measuring signal at an area Weight? of 0, and 
p.(res) is the resulting absorption coe?icient and AW(tot) is 
the total area Weight. 

For the position P corresponding to the distance a from the 
centre the folloWing is calculated: 

the length of the chords Y1, Y2, Y3 and Y4 based on the 
diameters d1, d2, d3 and d4. The total area Weight AW(tot) is 
equal to the sum of the area Weights of the different layers 
and is expressed as AW(tot):AW(layer1)+A(layer2)+AW 
(layer3). 
The resulting area Weight corresponding to the position P 

is AW(tot)a:(Y1—Y2)*Dens1+(Y2*Y3)*Dens2+(Y3iY4)* 
Dens3. The calibration absorption coef?cient p.(res)a is cal 
culated on the basis of the values rendered by the absorption 
coef?cients (Alpha) and p.(Beta), Where (Alpha) is deter 
mined on the basis of the material composition of the pipe, 
the poWer spectrum contents of the X-rays and the measur 
ing geometry. u(Beta) serves to correct (Alpha) depending 
on the area Weight to obtain p.(res). 

p.(res) is then determined on the basis of p.(Alpha), Which 
is to be corrected in accordance With the area Weight based 
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on the curve in FIG. 6 or based on an approximate linear 

function of area Weights between for instance f . . . 2 and 10 

g/cm2, confer FIG. 6. 
The following combinations are used: 

1. Direct measurement. 

2. Parameter limitation either based on a product library 
and/or use of directly measured parameters. 

3. Determination of parameters by means of a model pre 
diction to establish “the most likely combination” by 
comparing the model prediction With measured sets of 
data using the method of least squares. 

At each measurement the entire pipe diameter is scanned 
and the measurement data I is recorded With the actual 
positions. 

After each scanning the measurement data are normalised 
to provide a data course indicating cpp (counts per period) 
as a function of the position. 

dl (outer diameter), d4 (inner diameter) and optionally 
also d2 are determined at an analysis of the signal and by 
scanning for “local extremes” in form of level transitions in 
the signal indicating local density transitions in the pipe. 

Dens1 (density of the outermost layer) is also determined 
by a direct measurement and all directly measured param 
eters are then taken into account at the ?nal determination of 
the parameter sets according to “the method of least 
squares”. 

Based on these calculations, the diameters d1, d4 and 
optionally also d2 as Well as Dens1 are rendered as directly 
measured parameters. 

d2 and d3 as Well as Dens2 and Dens 3 are rendered as the 
most likely parameters after the model predictions. When all 
diameters have been determined, the layer thicknesses there 
through are also established. 

The “most likely combination of parameters” is deter 
mined as folloWs: 

The parameters d2, d3 and Dens 2 and Dens 3 are desirably 
determined by means of the principle of the method of least 
squares. 

The input data set is a set of data representing measured 
signals (cpp) at a given position P in the radial cross section 
(FIG. 5). 
The model prediction folloWs the function stated below: 

Where 

and 

u(res) is calculated on the basis of the values rendered for 
p.(Alpha) and u(Beta) based on FIG. 6. 

Y1, Y2, Y3 and Y4 are chord lengths, Which may be 
calculated on the basis of the variable parameters d1, d2, d3 
and d4. 

Dens 1, Dens 2 and Dens 3 are also variable parameters. 

d1, d4 and Dens 1 are determined at direct measurements. 

As a result, the folloWing parameters are rendered in 
position P: d2 and d3 as Well as Dens 2 and Dens 3. 

The set of parameters a is then determined by use of the 
Levenberg-Marquardt algorithm, Where the means squared 
error (MSE) is obtained from the formula: 
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Z (yi - mi. of 
m = n 

Where yi is the input value for the position i; f(xi, a) is the 
model function value in the same position With the param 
eter set a (comprising d2, d3, Dens 2 and Dens 3), and n is 
the number of samplings in the data set. 
By the use of this method an educated guess is used to 

determine the initial parameters. MSE is then calculated by 
means of the stated formula. Subsequently thereto the ?rst 
parameter is varied in small steps, until MSE adopts a 
minimum. A good indication of the ?rst parameter is thus 
obtained Which is subsequently used. The second parameter 
is then varied, until MSE adopts a minimum. A good 
indication of the second parameter is thus obtained Which is 
subsequently used. When the above steps have been per 
formed in relation to all the parameter values and a set of 
parameter values has been found, the neW set of parameter 
values is used as an improved educated guess of the initial 
parameters When the process is repeated. 

This process is really an iteration process Which prefer 
ably should converge. The process is continued until all 
parameters have been determined With the desired accuracy. 
The iteration sequence may, hoWever, be varied in many 
Ways. The iteration merely has to be able to converge. MSE 
and the found parameters are subsequently estimated quali 
tatively and a possible neW initial guess may result in a neW 
calculation sequence. This process is repeated a number of 
times until the results obtained are acceptable. 

It should be noted that the multi-layer pipes in question 
not necessarily are in?exible. 

The invention claimed is: 
1. System for the measurement of the layer thicknesses of 

a multi-layer pipe comprising a detector array (2) for mea 
suring the attenuation of X-ray transmitted through the pipe, 
the detector array (2) comprising scintillation counters 
arranged in pairs With a collimator for de?ning a ?eld of 
radiation in front of each scintillation counter, a leaded 
scintillation disc (4) being arranged at one end of each 
scintillation counter, characterised in that the tWo detector 
pairs are juxtaposed, one detector pair, hoWever, being 
longitudinally displaced in relation to the other detector pair. 

2. System according to claim 1 characterised in that the 
one detector pair is longitudinally displaced by approxi 
mately 0.5 mm in relation to the other detector pair. 

3. System according to claim 1, characterised in that a 
lead plate (5) is arranged on the scintillation disc (4), said 
lead plate (5) serving as a support for an additional detector 
so as to provide a detector pair. 

4. System according to claim 1, characterised in that the 
collimator has a diaphragm aperture (8) provided in a thin 
plate (7) of a thickness of 1 mm. 

5. System according to claim 4, characterised in that the 
thin plate (7) being composed of tantalum. 

6. System according to claim 4, characterised in that the 
diaphragm aperture (8) in the thin plate (7) has a gap Width 
of about 50 pm. 

7. Method for measuring layer thicknesses or densities of 
a multi-layer pipe by measuring With a detector array the 
attenuation of an X-ray transmitted though the pipe, char 
acterised in that the used detector array comprises detector 
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elements arranged in pairs With a collimator for de?ning the 
?eld of radiation in front of each detector element, the layer 
thicknesses and/or the densities of each layer of a multi 
layer pipe being determined by means of a simulation 
calculation based on a model, in Which the Values of the 
layer thicknesses and/or the densities, respectively, are opti 
mally adjusted; in that ?uctuations, such as Vibrations in the 

8 
pipe’s position are compensated for at an online measure 
ment of pipe Wall characteristics; and in that an amplitude of 
the pipe Vibration is determined by measuring an deviation 
betWeen an actual time of detection of a pipe Wall and an 

5 expected time of detection of the same pipe Wall. 

* * * * * 


